ABSTRACT-To examine the working memory performance, gerbils were tested in the delayed nonmatching to position task using a T-maze, and the effects of cerebral ischemia on the performance were examined. There were no significant differences between gerbils and rats in the alternation performance without delay and with the in terrun intervals ranging from 10 to 810 sec. These data suggest that this task is useful for assessing working memory in gerbils as well as in rats. Scopolamine (0.1 and 0.2 mg/kg) impaired the working memory performance in both species. Bilateral occlu sion of the common carotid arteries for 5 min severely impaired the choice accuracy in the gerbils 1 to 3 days after the operation. This memory impairment was observed even at the shortest interval. One month after the operation, partial behavioral recov ery was observed in the ischemic gerbils, in spite of a marked loss of the pyramidal cells in the hippocampus CA1 sector. These data indicate that the working memory performance is highly vulnerable to the cerebral ischemia and that the ischemic opera tion transiently but severely impairs the acquisition process of the working memory in gerbils.
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In recent years, an increasing number of studies have been performed on cerebral ischemia. Mongolian gerbils are well-known to develop reproducible morphologic damage in restricted brain regions by a simpler surgical operation (1), in comparison with the compa rable model using rats ref. 2) . In addition, neurochemical and neuropathologi cal consequences of the forebrain ischemia have been well-elucidated in gerbils (1, 3, 4) . For these reasons, gerbils have been the most commonly used animal for pharmacological evaluation of the protective effects of drugs against ischemia-induced injury. On the other hand, the behavioral consequences of the ischemic damage in these animals have been studied mainly using passive avoidance tasks (5, 6) , which are relatively crude behavioral tests of memory. Brief bilateral occlusion of the common carotid arteries of gerbils can produce a marked loss of pyramidal cells in the hippocampus (1), the area that plays a critical role in working memory processes (7 13) . However, little is known about the ischemia-induced changes in working memory in gerbils.
In the present study, to evaluate working memory performance in gerbils, we employed a delayed nonmatching to position task using a T-maze. Although an eight-arm radial maze task has been commonly used for studying working memory, the data in this task reflect not only working memory but also reference memory, because the subject often takes a non-spatial strategy (14) . The delayed non matching to position task has a clear working memory component, because the only way the animal can make a correct choice is to remem ber the previously visited arm (15) . In addi tion, by introducing a variable delay, the abil ities of working memory retention as well as acquisition can be measured in this task. For these reasons, the delayed nonmatching to position task is favorable for assessing working memory in rats (15) . However, behavioral properties of gerbils appear to be in some cases quite different from those of rats. For example, gerbils are inferior to rats in passive avoidance tasks, while superior in conditioned avoidance tasks (16, 17) . Therefore, we tested first whether the delayed nonmatching to posi tion task is useful for studying working mem ory in gerbils as well as in rats. In this con text, the effect of scopolamine, which is well known to impair the working memory per formance of rats (18) , on this performance was examined in gerbils. Thereafter, the effects of the forebrain ischemia on the work ing memory performance were examined in gerbils.
MATERIALS AND METHODS

Animals
The experimental animals used were 10 male Mongolian gerbils (Seiwa Jikken Dobutsu, Fukuoka, Japan) and 10 male Wistar rats (SLC, Hamamatsu, Japan). Two or three ani mals were housed in a cage in a temperature, humidity and light controlled room. Water was always available in the home cage. The animals had a reduced-food regimen that lasted throughout the experimental period. Each gerbil and rat were fed about 5 and 10 g of food per day, respectively. Training of the animals started at the age of 8 weeks.
Apparatus
The apparatus was a T-shaped maze with a center stem and two side arms. The maze used for rats was detailed elsewhere (19) . For ger bils, the center stem was 51 cm long, 6 cm wide and 6 cm high; and the side arms were 45 cm long, 6 cm wide and 6 cm high. A guil lotine door was located 9 cm from the end of the center stem and at the entrance of each side arm. The floor was made of black Plexi glas and a black food cup, 2.5 cm diameter, was placed at the end of each side arm.
Delayed nonmatching to position task in the T maze
Pretraining and testing of delayed non matching to position performance were carried out as described in the previous report (19) . Briefly, each trial of the task consisted of one forced run and one choice run. In the choice run, when the animal entered the arm oppo site to the one rewarded in the forced run, a correct response was recorded and further reinforced with food pellets. Six trials daily were carried out for each animal. Criterion for acquisition of this task was that an animal did not make more than one incorrect response during each day for 5 consecutive days. Food pellets, used as a reinforcer for rats and ger bils, were 45 mg and 20 mg, respectively (BIO-SERV, U.S.A.). After reaching the criterion, a delay interval of 10, 30, 90, 270 or 810 sec was introduced between the forced and choice run (interrun interval, IRI) in a randomized sequence. Ten daily trials, which consisted of two each IRI trials, were carried out over 5 days. Data obtained during this period were collected and analyzed.
Drug treatment
Saline or scopolamine was administered i.p. for rats and s.c. for gerbils, since gerbils are susceptible to physical shocks and intraperi toneal injection of drugs often causes gerbils to stop running. Before starting the drug test, saline was administered for 3 days before test ing to avoid the interference by injection. Thereafter, the effect of scopolamine hydro bromide (Nacalai, Japan) on the performance was examined. At this drug test, 10, 90 or 270 sec was used as IRI. Six daily trials were car ried out. Each IRI was introduced twice, one right and one left-correct trials, in random sequences. Each animal was tested under three conditions of drug administration: no drug (saline alone) or 0.1 or 0.2 mg/kg of sco polamine. The drug or saline was administered 15 min before testing once every 3rd day. The test under one of the conditions was repeated 3 times to obtain 18 trials for each condition.
Occlusion of common carotid arteries
The gerbils were divided into two matched groups based on the alternation scores. One group of gerbils were anesthetized with 2% halothane. Through a midline cervical inci sion, both common carotid arteries were gent ly exposed and occluded with 4-0 silk sutures. Anesthesia was discontinued when the sutures were pulled. Following 5-min ischemia, the su tures were cut and removed to restore blood flow. The body temperature was kept constant during the operation. The other group of ger bils were sham-operated. Postoperative be havioral tests were started one day and then one month after the operation as described above without drug injection.
Histology
After the behavioral observation, gerbils were anesthetized with pentobarbital (40 mg/kg, i.p.) and perfused transcardially with 5% formalin in saline. Coronal sections, 15 ,um in thickness, were made on a freezing microtome and stained with 1% cresyl violet for the microscopic observation.
Statistics
The number of days required to fulfill the criterion was analyzed using Mann-Whitney's U-test. For the percentage of correct re sponses, repeated measure analyses of variance (ANOVA) were used and followed by Mann-Whitney's U-test for subsequent mul tiple comparisons between groups. 
RESULTS
Delayed nonmatching to position
In the nonmatching to position training, the numbers of days required to fulfill the criteri on were not different between gerbils and rats, 6.4 ± 0.6 and 7.6 ± 0.6 days, respective ly (U = 31.0, P > 0.05).
The percentage of correct responses de clined as IRI increased in both animals (Fig.  1) . The delay time significantly affected the choice accuracy, F(4,90) = 19.70, P < 0.001. However, there was no significant difference in the percentage of correct responses between gerbils and rats, F(1,90) = 2.48, P > 0.05.
Effect of scopolamine on the performance of gerbils and rats Scopolamine (0.1 and 0.2 mg/kg) dose-de pendently decreased the percentage of correct responses of gerbils (F(2,81) = 47.55, P < 0.001) and rats (F(2,81) = 20.24, P < 0.001; Fig. 2 ). The delay effect was also significant in both gerbils (F(2,81) = 14.43, P < 0.0001) and rats (F(2,81) = 12.30, P < 0.001). Scopol amine at the dose of 0.1 mg/kg significantly decreased the percentage of correct responses at 10 sec (gerbils: U = 7.5, P < 0.01; rats: U = 5 .5, P < 0.01) and 90 sec delay (gerbils: U = 9 .5, P < 0.01; rats: U = 16.0, P < 0.01). A higher dose of scopolamine (0.2 mg/kg) also decreased the percentage of correct responses at 10 sec (gerbils: U = 1.5, P < 0.01; rats: U = 5 .5, P < 0.01) and 90 sec delay (gerbils: U = 16 .0, P < 0.01; rats: U = 0.0, P < 0.01). Effect of ischemia on the performance of ger bils Bilateral occlusion of the common carotid arteries for 5 min significantly decreased the percentage of correct responses in gerbils 1 to 3 days after the operation, F(1,21) = 18.84, P < 0.01 (Fig. 3) . The decrement of the choice accuracy was significant at the 10 sec delay, U = 0 .0, P < 0.05. One month after the opera tion, no statistical difference in the percentage of correct responses was observed between carotid-occluded and sham-operated groups (Fig. 4) , suggesting the partial recovery from the ischemia-induced performance deficits, F(1,21) = 4.28, P > 0.05.
Histological changes in CA1 neurons in the hippocampus in gerbils Figure 5 shows typical microscopic pictures of the hippocampus of the sham-operated (A) and ischemic gerbils (B). All gerbils that re ceived the ischemic operation exhibited a marked loss of pyramidal cells in the CAI sec tor. 
DISCUSSION
Learning and memory performances of ger bils have been studied mainly using avoidance responses (16, 17, (20) (21) (22) . Gerbils are inferior to rats in passive avoidance tasks (16, 21) , while they perform better than rats in active avoidance tasks (17) . These facts suggest that species-specific behaviors, such as a greater motility in gerbils than in rats, interact with the performances on these tasks. In the pres ent study, the numbers of days required to ful fill the criterion of alternation training were not different between gerbils and rats. This finding indicates that gerbils have the same tendency of spontaneous alternation as rats. In addition, the choice accuracy of gerbils pro gressively decreased with the delay interval, as observed in rats. These results demonstrate that the delayed nonmatching to position task is useful in studying working memory in ger bils as well as in rats.
Scopolamine-induced decrease in choice accuracy was observed even at the shortest de lay (10 sec) in both species. The smaller dose (0.05 mg/kg) of scopolamine did not affect the choice accuracy at IRIs ranging from 10 to 270 sec in rats (H. Ohta et al., unpublished data). These data suggest that the drug impairs the acquisition process of the memory rather than the retention process. There is also the pos sibility that scopolamine may alter factors other than memory, such as motor function or motivation. However, this does not seem to be the case in the present study because sco polamine did not affect the latency to reach goal in both animals (data not shown). Taken these findings together, scopolamine is consid ered to impair the acquisition of the working memory in both species.
In the present study, 5-min occlusion of the common carotid arteries of gerbils severely impaired the choice accuracy of the delayed nonmatching to position performance, suggest ing that the working memory performance of gerbils is highly vulnerable to the forebrain ischemia. The same ischemic operation has been reported to impair the passive avoidance tasks in gerbils (5, 6) . On the other hand, lev er press and shuttle avoidance performances have been shown to be only slightly affected by the operation (23) . Taken these facts together, the present result suggests that the effects of the cerebral ischemia on learning and memory performances depend on the task used. This task-dependency might be at least partially due to the differences in the neuronal systems that play an essential role in each task. The septo-hippocampal system has been suggested to play an important role in the de layed nonmatching to position performance, because the performance was impaired by hip pocampal injection of scopolamine (10) or le sion of the fimbria-fornix in rats (24) . The 5 min occlusion of the common carotid arteries caused marked neuronal loss in the hippocam pus of the gerbil. This might be a reason why the delayed nonmatching to position perform ance was easily impaired by the carotid occlu sion.
The delayed nonmatching to position task is generally used to assess retention of working memory in rats. In the present study, the fore brain ischemia impaired the choice accuracy the most severely at the shortest delay interval (10 sec). As in the case of scopolamine, the result indicates that the ischemic operation im pairs the acquisition process of the working memory. However, because of the severe de ficit in memory acquisition, the present result offers little information on the memory reten tion ability of the ischemic gerbil. Interestingly, one month after the opera tion, the gerbils that received ischemic opera tion exhibited partial recovery of the perform ance, in spite of the marked loss of hippocam pal pyramidal neurons. Since additional train ing was not conducted between two testing periods, the recovery can not reflect the train ing effects. Similar behavioral recovery after a unilateral carotid artery occlusion was re ported by Bothe et al. (25) . The behavioral recovery observed after the ischemic damages might be explained by reorganization of neuronal connections.
In conclusion, the present experiments dem onstrate that the delayed non-matching to position task provides a simple and useful method for assessing working memory in ger bils, and that the working memory was proven to be highly vulnerable to the cerebral ische mia in the gerbil. Although the influences of the ischemia on the memory retention process remain unclear, the ischemic operation severe ly impairs the acquisition process of the mem ory. Behavioral recovery was observed 1 month after the ischemic operation in spite of a marked loss of pyramidal cells at the CA1 sector of the hippocampus.
